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CREATING MATHEMATICAL MODELS WITH STRUCTURE 
Katherine Doyle 
Queensland University of Technology, Brisbane, Australia 
 
This paper reports on a study that traced the development of year 4 students who 
were taught to structurally organise text through top-level structuring, as they 
engaged in two textually-based, mathematical-modelling problems. Top-level 
structuring is an organizational tool used to structure text for recall and 
comprehension.  First, prior to top-level structure instruction, students investigated a 
modelling problem where they used data to determine and report on the best 
condition for growing beans.  They were then taught the top-level structuring 
strategy.  Finally, the students worked on a modelling problem where they analysed 
results to report on the best way to choose a winner of a paper-plane race.  Results 
showed evidence that after students were taught to structure the text, they applied the 
strategy when explaining and justifying their ideas and models. 
INTRODUCTION: 
Mathematical modelling (MM) provides students with opportunities to explore 
meaningful problem situations and generate explanatory models that empower them 
to cope with contemporary global problems.  Lesh and Doerr (2003) warn of 
misinterpretations of the term “model”. In MM, the term refers to models that 
problem solvers develop “to construct, describe or explain mathematically significant 
systems they encounter” (Lesh & Doerr, 2003, p. 9). Generally speaking, 
mathematical models are representations of reality constructed by mathematicians in 
their every day activities.  In this paper, a model is a mathematically-based, 
explanatory system that is designed to represent relationships among variables 
associated with a complex system. 
MM problems allow for multi-interpretations and approaches to problem solving.  
English and Lesh (2003) have emphasised that it is not just reaching the goal that is 
important, but also the interpretation of the goal, the information provided and the 
possible steps to solution.  “Children not only have to work out how to reach the goal 
state, but also have to interpret the goal itself as well as all of the given information, 
some of which may be displayed in representational form e.g., tables of data” 
(English & Watters, 2004, p. 336).  Students work in small groups to develop a 
model that is presented to their peer group for constructive criticism and feedback.  
So, MM is specifically designed as a social experience (Zawojewski, Lesh, & 
English, 2002).  Models can be transferred to similar situations and reused.  An 
example MM problem is described in Appendix A. 
MM problems reflect real world contexts in that; the problem is embedded within 
texts that can be based in any of the other disciplines for example; science or social 
studies.  Students faced with a MM problem must negotiate substantial textual 
information in order to arrive at the purpose of the problem-solving task.  The “key 
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mathematical ideas” must be “elicited by the children as they work the modelling 
problem” (English & Watters, 2005b, p. 298).  Hence, to access mathematical 
knowledge from MM problems, students need high levels of literacy to comprehend 
the information embedded in text.  In addition, students need to be sufficiently 
mathematically literate to navigate the mathematical texts like tables or graphs. 
This paper builds upon the work of English (2002), and English and Watters (2004, 
2005a, 2005b) in understanding learning through mathematical modelling.  The 
research is also informed by Bartlett’s studies on top-level structuring of texts (2001; 
2003) which provide a framework for understanding student literacy development.  
The study investigated the question: to what extent does top-level structure (TLS), a 
strategy grounded in text comprehension research, effect children’s ability in 
mathematical modelling? The purpose in this paper is to compare the students’ 
presentations of models after the two MM problems, ‘Beans, Glorious Beans’ and 
‘Paper Planes Contest” (Appendices A & B), to determine in what ways TLS 
instruction impacts on children’s learning through MM problems.  
Theoretical Framework  
MM problems require literacy, that is, an ability to read and process the given 
information selectively so that the main idea/s can be extracted from the texts.  Only 
then can mathematical knowledge be constructed as the problem is negotiated.  
Applying the TLS strategy to MM problems is the focus of this paper. 
Literacy involves decoding and comprehension (Gough, Hoover & Peterson, 1996).  
An important component of literacy is memory, short-term and ultimately long-term 
memory.  Inability to remember what one reads as one reads will negatively effect 
decoding and comprehension, and therefore the cognitive processes needed for full 
understanding of the text (Helwig, Almond, Rozek-Tedesco, Tindal & Heath, 1999).  
So the process of reading text and comprehending, that is being literate, follows the 
continua model demonstrated in Figure 1. 
 
Figure 1:  From text to understanding. 
In mathematical modelling, students are faced with a maze of textual information.  
They must negotiate a wealth of background information from a diverse range of 
subject areas.  Making sense of the textual information pre-empts being able to make 
sense of mathematical texts such as tables and graphs. In order to learn 
mathematically, students need to be textually literate (Cobb, 2004). 
Top-level structure 
Top-level structuring of text gives students a tool to organize textual information 
according to four basic plans for example, the author of the text could have 
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constructed the text using (a) a list, (b) a comparison, (c) a problem and solution, or 
(d) a cause and effect.  Students are taught key words or phrases for example, _so_, 
_because_, _as a result_, to help identify the author’s plan which they will use to 
organise or ‘structure’ the text (Bartlett, 2003; Meyer & Poon, 2001).  An example 
of how a text could be structurally organised is given in Appendix C.  This text is 
scientifically based, but could be used as background information leading into a 
MM problem such as, students could investigate geometrical shapes, find patterns, 
create quilts, and reuse their model for further quilt patterns using alternative 
colours or fabrics. 
While one overall plan for a text may be better than others, ultimately the important 
issue is for students to choose a plan, and therefore organise the textual information 
so that their recall and comprehension of text can be enhanced.  In turn, this aids the 
students to communicate orally and in writing about the text (Bartlett, 2003).  
RESEARCH DESIGN AND METHOD 
The study used a qualitative, interpretative approach in which students were 
presented with two MM tasks, ‘Beans, Glorious Beans’ and ‘Paper Planes Contest’ 
(Appendices A & B).  The class was taught by the researcher with the classroom 
teacher an active observer. Data included video recordings of classroom interactions 
and groups were audio taped. Student work was collected and field notes compiled. 
The aim of the study was to analyse the presentation phase of both problems and 
determine the effect the TLS strategy would have on students’ ability to explain and 
justify their models The students were video and audio taped throughout these 
sessions.  Their written work samples were also collected as complementary data to 
the taping. . Five questions were analysed in this study: 
1. Did students use key words in their written and oral presentations?   
2. Were key words an aid to students in explaining mathematical reasoning? 
3. Did students demonstrate their ability to organize text information? 
4. Were questions to presenters from peers enhanced after TLS instruction? 
5. Was mathematical reasoning evident in explaining and justifying models?  
Participants 
The study used a year group of twenty-eight year four students.  Ten of these 
students have significant learning or behavioural disorders.  They attend a primary 
school situated in an outer shire of an Australian capital city. 
Procedure 
Firstly, students investigated the MM problem “Beans, Glorious Beans” (Appendix 
A) in small groups over a four-day period.  Presentations were made on the fifth day. 
Secondly, the students were taught the plans and key words for the four 
organisational structures of top-level structuring over a period of two weeks. 
Subsequently, the students investigated the MM problem “Paper Planes Contest” 
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(Appendix B) over three days. As for the first MM problem, students reported to their 
peers on the fourth day.  During the presentations, peers and the researcher 
challenged students to justify assertions and to explain the basis of their reasoning. 
RESULTS AND DISCUSSION 
The analysis, based on the five questions listed in ‘research design and method’ 
illustrates that students were not structurally organizing text in the ‘beans problem 
but began employing TLS strategies in the ‘planes’ problem presentations.  The 
individual analysis of each question follows: 1. Students used limited connective 
words in their language after the ‘beans’ investigation.  The transcript (student 1 
outlined below) shows the child telling the farmer what to do with vague justification.  
The child gave no specifications using data such as, a comparison of the weight of 
beans with other rows. 
Student 1:  Farmer Sprout you should use sunlight if you want more beans. Row 3 
weighed the most in summer the first week from group 5.  If you go 
diagonally you will find a sum. 
Also, another child could not adequately explain his reasoning as to why he went 
diagonally when adding the amounts on the table, rather than horizontally or 
vertically. 
Jacob:  Well, I did that … because I hadn't done the other things yet so I thought 
it was 30 times better, I mean 30 times worse because it was shade.  That's 
all. 
However, as is evident in the ‘planes’ transcript words such as, _ but _and 
_comparing_, were in deliberate use.  This indicated that students used a structurally 
organized method of explaining and justifying their ideas. 
Josh:   Dear Judges, You should pick team E.  But Jacob thinks it is team C.  Our 
group found this out by comparing team E with all the others.  Josh found 
this out by seeing that team E had no scratches.  Matt B found it out by 
seeing that team E has most metres going straight. 
2. After TLS instruction, the students used key words to organize their responses and 
appeared confident in explaining their ideas with mathematically sound reasoning.  
The students’ initial letter to the judges, read by Josh and shown above, used the 
words _but_ and _comparing_ to structure their response.  They used mathematical 
data to justify their responses and provide proof as seen in Jacob’s following 
explanation 
Jacob:   Metres! …Team E only beat them by one and I thought it was pretty 
good that team E only beat them by one and they got 31metres in 4 
seconds.   
However, the ‘beans’ transcript shows that students had difficulty explaining 
mathematical reasons for their ideas. 
Researcher:  Explain to me what you've just said. I didn't quite catch it. 
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Student 1: If you go diagonally you will find a sum. 
Researcher:  What does that mean? Diagonally what? Across the table or?? 
Student 1:  Across the table. (Student 2 comes in) Across the table.  (They pointed 
diagonally across the table) 
Researcher:  Why would you do that? What does that sum tell you? 
Student 1:  Jacob's the one who found the sum.  
Researcher:  OK Jacob, would you like to explain about that? 
We just want to know why you added up the diagonal. 
Jacob:  Well, I did that … because I hadn't done the other things yet so I thought 
it was 30 times better, I mean 30 times worse because it was shade.  That's 
all. 
3. The ‘beans’ transcript reveals that students had not organized the textual 
information.  But, the ‘planes’ transcript confirms that the students compared the 
teams both in the letter and in justifications.  4. No peer questioned this group after 
the ‘beans’ presentations.  It was also noted on the video that students were also 
reluctant in their questioning of other groups.  The planes ‘transcript’ shows class 
members asking relevant questions requiring groups to justify their positions with 
mathematical proof.  Again the video revealed that this was reflected in all group 
presentations for ‘planes’. 
Question:   Where’s your proof? 
Answer:   It’s in the letter like we found it out by seeing who had the most metres.  
Josh found it by seeing who had the most scratches.  We just like 
compared it.  We compared it to every single one.  
Question:   How did you get team C? 
Answer: … by comparing the first two (scores) with team E.  It beat it the first two 
times. 
5. The ‘planes’ transcript shows that students referred to some data to explain and 
justify ideas after TLS instruction. 
Student: Matt B found it out by seeing that team E has most metres going straight 
Student:  … by comparing the first two (scores) with team E.  It beat it the first two 
times 
The video tape also revealed that students had drawn a table which they showed to 
the class to demonstrate how they had worked out their solutions mathematically. 
The author acknowledges that the ‘planes problem’ was the students’ second MM 
investigation, so the process was familiar.  But, the evidence remains that they began 
applying. top-level structuring strategies in the ‘planes’ problem, and this indicated 
that the students explanations and justifications were improved as they applied 
structure to oral and written text. 
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CONCLUSION 
Overall, the results indicate that young students can be taught to structurally organize 
textual information.  Learning to structure text has helped students to comprehend, 
communicate in writing, and present oral explanations by using the structure of 
comparison and applying key words in their communication.  Students demonstrated 
thoughtful questioning after TLS instruction and students’ explanations and 
justifications were more mathematically sound because they used some mathematical 
data to verify their models.  This positive response to TLS instruction within the MM 
learning process is significant.  Further research is warranted on the outcomes of 
teaching children organizational strategies for learning through textually-based 
problems.  Also, teachers need to be made aware of the major part literacy plays in 
mathematics learning (Cobb, 2004), and inserviced on strategies that provide positive 
tools to aid students in overcoming textual barriers in mathematical problem solving. 
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APPENDIX A: BEANS, GLORIOUS BEANS 
This and the following problem were developed by English and Watters (2004, 
2005a, 2005b). 
Farmer Sprout must decide on the best light conditions for growing his butter beans. To 
help make his decision, he went to visit the Farmers’ Association who test growing 
climbing butter bean plants using two different light conditions:1. growing beans out in 
the full sun with no shade at all, and 2. growing beans underneath shadecloth. 
The Farmer’s Association measured and recorded the weight of butter beans produced 
after eight weeks.  They grew 4 rows of butter bean plants using each type of light 
condition 
Sunlight                                            Shade       
Butter Bean 
Plants 
Week 
8 
Week 
9 
Week 
10 
Butter Bean 
Plants 
Week 
8 
Week 
9 
Week 
10 
Row 1 9 kg 12 kg 13 kg Row 1 5 kg 9 kg 15 kg 
Row 2 8 kg 11 kg 14 kg Row 2 5 kg 8 kg 14 kg 
Row 3 9 kg 14 kg 18 kg Row 3 6 kg 9 kg 12 kg 
Row 4 10 kg 11 kg 17 kg Row 4 6 kg 10 kg 13 kg 
Using the data, determine which of the light conditions is suited to growing Butter 
beans to produce the greatest crop.  In a letter to Farmer Ben Sprout, outline your 
recommendation of light condition and explain how you arrived at this decision.  
Your second investigation: 
Predict the weight of butter beans produced on week 12 for each type of light.  
Explain how you made your prediction so that Farmer Ben Sprout can use it for other 
similar situations. 
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APPENDIX B: THE ‘PLANES RESULTS’ TABLE 
Team Attempts Air-Time 
(seconds) 
Distance 
(metres) 
Team Attempts Air Time 
(seconds) 
Distance 
(metres) 
1 2 11 D 1 2 ½  12 
2 1 ½  12  2 scratch scratch 
A 
3 scratch scratch  3 1 8 
1 1 12 E 1 1 ½  9 
2 ½  7  2 1 10 
B 
3 ½  8  3 2 13 
1 1 9 F 1 1 9 
2 1 11  2 2 11 
C 
3 2 11  3 scratch scratch 
Investigation 
Write a letter to the judges of the contest explaining to them how to determine 
who wins overall award for the contest. 
APPENDIX C: TOP-LEVEL STRUCTURING TEXT EXAMPLE 
The Giant’s Causeway 
In Northern Ireland there is a place called “the Giant’s Causeway”.  There are some 40 
thousand columns of volcanic basalt rock jutting out to sea.  These were formed as a 
result of volcanic action.  The columns were formed because of the slow and even 
cooling and contraction of molten lava. 
Key Words - as a result, because                     Author’s Plan – cause/effect. 
Cause KeyWord Effect 
Forty thousand years ago molten lava 
contracted and cooled slowly and evenly after 
volcanic action 
               
      so 
the giant’s causeway in Northern 
Ireland was formed. 
The sentence you have written forms the main idea of the text. 
 
 
